This paper examines current challenges for real time flood forecasting and develops a prototype Web-based Spatial Decision Support Services (WSDSS) for flood forecasting in the Oak Ridges Moraine (ORM) area, southern Ontario, Canada. This system integrates models, analytical tools, databases, graphical user interfaces, and spatial decision support services to help the public and decision makers to easily access flood and flood-threatened information. The development of Graphical User Interface (GUI), database, model base, spatial and graphic data display system and decision making support services are introduced.
Introduction
The mechanism of flood forecasting is complex and hydrological models need to be developed for flood forecasting. However, the difficulty of efficient management of large spatial and temporal datasets and linking data, analysis tools, and models make it difficult for developing a flood forecasting system. Web-based Spatial Decision Support Services (WSDSS) provides comprehensive support for decision-making support and information services. This paper examines current challenges for real time flood forecasting and develops a prototype WSDSS for flood forecasting in the Oak Ridges Moraine (ORM) area, southern Ontario, Canada.
Spatial Decision Support Services for Flood Forecasting

Problems of real-time Flood Forecasting
The progress in GIS and the Spatial Decision Support System (SDSS) has led to significant advances on integrated hydrological models for flood forecasting and flood management. Sugumaran and Degroote have reviewed the evolution and trends, challenges and future direction of SDSS in detail [1] . Levy et al. proposed a flood decision support system architecture that capitalizes on the latest advances in remote sensing, GIS, hydrologic models, numerical weather prediction, information technology, and decision theory [2] . Zerger et al. (2004) developed a SDSS framework that integrates hydrodynamic model outputs, GIS and a relational database management system to provide risk managers with rapid access to time-series flood information that has been pre-modelled at urban decision-making scales [3] .
The development and use of web-enabled tools for hydrological modeling and decision-making have gained popularity with the increase in Internet speed and accessibility. The development and use of web-based tools for hydrological modeling and decision-making support will improve access to flood model results (flood discharge, water level and flood frequency information) to the public and decision makers. Al-sabham et al. proposed web-based systems can overcome the limitations of existing flood forecasting systems [4] . Choi et al. developed a web-based SDSS for hydrological land use change impact assessment. This SDSS comprises integrated web-based programs, a hydrological model, web-GIS and database [5] . Cheng et al. introduced the problems of a real-time flood control management for reservoirs [6] .
In summary, advances in flood SDSS and web can improve flood forecasting. However, flood SDSS are often difficult to access for non-expert public and decision-makers because they cannot effectively utilize available models and data, unless data, analysis tools and models are already integrated. There are still some challenges for the public and decision-makers to use flood SDSS for flood forecasting and flood management.
In order to solve above problems, a growing number of researchers have realized that a new approach is needed to emphasize the benefits from a more open and collaborative decision-making process. New approach to spatial decision-making support should attempts to provide effective, efficient decision-making support among various organizations. WSDSS can support information exchange and knowledge, software and model sharing from different organizations through web.
In order to solve the problems of ORM area, further researches for Flood forecasting WSDSS is required and this paper develop a prototype system, which integrates models, analytical tools, databases, graphical user interfaces, and spatial decision support services to help the public and decision makers to easily access flood and flood-threatened information.
Prototype WSDSS Development
Prototype system development includes the development of Graphical User Interface (GUI), database, model base, spatial and graphic data display system and decision making support services.
Development of GUI
GUI is the interface for WSDSS to interact with users, and it should be designed friendly for users to easily access and visualize flood information. GUI is designed for a diverse range of users, from decision makers to the general public. Users can submit their requests through interface, and WSDSS will send result maps to the users. A multiple-level web-based interface is developed through which the database, the model base, and flood forecasting decision services can be linked together. Web technology is used as a medium to share data, information, and knowledge, and supply decision-making support services. Hyper Text Markup Language (HTML), Active Server Pages (ASP), and Java Scripts technology are used for developing the client side user interfaces, serving for displaying runoff and water level prediction results by maps, tables and graphs, and querying modeling analysis results.
Development of Database
Development of database takes into account the needs for modeling running for the decision-making support services, as well as integrating the database with other components of WSDSS. All spatial data in WSDSS are stored in GIS databases, and all attribute data are stored in the Relational database management system (RDBMS). There are two sets of databases in this system: distributed database for model input, and central management database for model input, running, and result display.
Distributed database. The system includes a distributed database allowing data acquisition from various agencies. The distributed database includes in situ measurements data such as river runoff data from hydrological gauging station, and precipitation data from weather stations.
The central management database stores data for model input, running and analysis. In WSDSS, spatial data management is either as file-based or spatial databases. The file-based approach stores the data within a file structure, using a file format such as ESRI's shapefile.
Spatial databases are powerful as they allow for centralized management and storage, for querying of both spatial and attribute data, and for more efficient processing. Spatial databases provide a higher degree of data control, versioning, and querying capabilities, but also require more management and maintenance. Spatial data such as gauging station location, watershed boundary, and river geometry data are saved in a central management database for model running. The central management database also stores the model running results (runoff and water level prediction). Several central management databases are developed, including watershed characteristics, historical river runoff and precipitation, historical flood events, simulated flood scenarios, and river geometry data for flood inundation mapping.
Development of Model Base
Flood forecasting WSDSS integrates models to support decision-making services for flood forecasting, including rainfall-runoff model development for runoff prediction, and water level prediction model development. Through a river runoff simulation system, the historical data for the past several decades (river gauging, precipitation, ground water, census and land use) are used to model the relationship among the stream runoff, precipitation and hydrological-geographical features to obtain the Curve Number (CN) value of each watershed. The CN value is saved in a database and the SCS model [7] uses the CN value and precipitation prediction result for river runoff prediction.
Development of Spatial and Graphic Data Display System
For flood forecasting, a key concern of the end users is the ability to easily access and visualize flood information (runoff and water level prediction) in maps and charts on the web. The implementation of spatial and graphic data display system is supported by ESRI ArcGIS Server.
Development of Spatial Decision Support Services
Development of WSDSS for flood forecasting integrates database, model base, interface and spatial and graphic data display system. GIS is used as a common platform for flood forecasting system implementation. First, historical data for the past several decades are used to develop a SCS CN model for river runoff prediction. Then database are developed to save the CN value for each watershed. Next, a web-based interface is developed to supply the GUI for users to submit runoff prediction requests from a client. Then this system runs data processing and SCS model for river runoff prediction and water level prediction. ESRI ArcGIS Server is used as a tool to develop spatial and graphic display system to publish the runoff and water level prediction result maps on the web.
Summary
This paper develops a prototype flood WSDSS that integrates hydrological models, analytical tools, database, graphical user interfaces, and spatial decision support services for flood forecasting in the ORM area. This system can improve our understanding of environmental planning and management issues, as well as emergency management and response associated with the ORM's water environment. This system can also provide a reliable prevention mechanism to eliminate flood disasters and reduce the negative consequences of flood hazards; it can also be used to help decision makers in the assessment of water resource management and develop sustainable development planning in the ORM area.
